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DEVICE FOR DELIVERING FUEL FROM A RESERVOIR TO AN INTERNAL 

COMBUSTION ENGINE 



[0001] Prior Art 



[0002] The present invention is based on a device as generically defined by the preamble to 
the main claim. 

[0003] A device for delivering fuel is already known from DE 195 27 134 Al, in which a 
check valve and a pressure outlet valve are situated parallel to each other in a valve housing; 
the flow travels through the pressure outlet valve in the opposite direction from that of the 
check valve. When a fuel-supply pump is operating, it delivers fuel via the check valve into a 
fuel rail; once the fuel-supply pump has been switched off, the check valve maintains the 
pressure in the fuel rail. If a pressure increase in the fuel rail occurs due to a heating of the 
device after the engine is switched off, then the pressure outlet valve opens, permitting fuel to 
flow back into the tank. The disadvantage to this is the insufficient control precision, 
particularly at low volumetric flows. 

[0004] DE 197 05 405 Al has disclosed a diaphragm valve with a high degree of control 
precision. The diaphragm valve has a first chamber and a second chamber, which is 
separated from the first chamber by means of a valve member; the valve member cooperates 
with a valve seat; and a first connecting conduit in the vicinity of the valve seat feeds into the 
first chamber. The disadvantage here is that the diaphragm valve cannot be used as a pressure 
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outlet valve without being modified because it opens toward the fuel rail in the same was as 
the check valve during operation of the fuel-supply pump. 

[0005] Advantages of the Invention 

[0006] The device according to the present invention, with the characterizing features of the 
main claim, has the advantage over the prior art of achieving a simple improvement that 
allows the pressure regulator to be used as a pressure outlet valve by virtue of the fact that the 
valve member has a through conduit that connects the first connecting conduit to the second 
chamber when the pressure control valve is closed. Since the same pressure prevails in the 
second chamber of the pressure control valve as in the first chamber when the pressure 
control valve is closed and the fuel-supply pump is operating, and since in addition, a spring 
element prestresses the valve member in the closing direction, the pressure control valve 
remains closed while the fuel-supply pump is operating, which differs from the prior art. 

[0007] Advantageous modifications and improvements of the device disclosed in the main 
claim are possible by means of the measures taken in the dependent claims. 

[0008] According to an advantageous embodiment, the pressure control valve is embodied in 
the form of a diaphragm valve since a diaphragm valve is able to achieve particularly 
advantageous regulating properties. 
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[0009] A spring element, which is contained in the second chamber and prestresses the valve 
member in the closing direction, can be used to set the predetermined opening pressure at 
which the pressure control valve opens, independent of a pressure generated by the fuel- 
supply pump. 

[0010] It is also advantageous that the pressure control valve is situated parallel to a check 
valve since this permits an optimal regulation of the pressure in the fuel rail. In an 
advantageous exemplary embodiment, the check valve is situated in a third pressure line 
segment and the pressure control valve is situated in a fourth pressure line segment; the third 
pressure line segment permits a flow in the direction of the engine and the fourth pressure line 
segment permits a flow in the direction of the tank. 

[001 1] It is also advantageous if a protective filter is provided in the fourth pressure line 
segment, upstream of a second connecting conduit of the pressure control valve that feeds 
into the first chamber, since this protects the pressure control valve from dirt particles. 

[0012] Drawings 

[0013] An exemplary embodiment of the present invention is shown in simplified fashion in 
the drawings and will be explained in greater detail in the subsequent description. 
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[0014] Description of the Exemplary Embodiment 

[0015] Fig. 1 shows a device for delivering fuel, with a pressure control valve according to 
the present invention. 

[0016] The device has a fuel delivery module 2 situated in a tank 1. For example, a fuel 3 is 
stored in the tank 1 . 

[0017] The fuel delivery module 2 is comprised of a for example cup-shaped reservoir 4, 
which contains a fuel-supply pump 7 that draws fuel from the reservoir 4, for example via a 
filter 8 and an intake line 9, and delivers it at a higher pressure via a pressure line 1 0, for 
example to a fuel rail 12 of an internal combustion engine 13. The fuel rail 12 is connected to 
a number of injection valves 14, which inject the fuel into cylinders, not shown, of the engine 
13. The downstream end of the pressure line 10, however, can also be connected to a high- 
pressure pump of a so-called gasoline direct injection system or of a diesel injection system, 
which delivers the fuel at high pressure into the fuel rail and injects it by means of injection 
valves into cylinders of the engine 13. 

[0018] The reservoir 4 stores enough fuel to assure a fuel supply of the internal combustion 
engine 13 by means of the fuel-supply pump 7 even if no fuel is being fed into the reservoir 4, 
for example during cornering and the associated sloshing movements of the fuel in the tank 1 . 
The reservoir 4 is positioned with its cup bottom 5 close to a tank bottom 6 of the tank 1 . 
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[0019] For example, the fuel-supply pump 7 is a flow-type pump that is driven electrically by 
an actuator, for example an armature of an electric motor. 

[0020] The filter 8 protects the device downstream of the filter 8 from coarse dirt particles 
contained in the fuel. 

[0021] For example, the pressure line 10 is provided with a main filter 15 that filters out fine 
dirt particles contained in the fuel. 

[0022] Downstream of the fuel-supply pump 7 and upstream of the main filter 15, the 
pressure line 10 is provided with a drive line 16 that feeds via a suction jet pump 17 into the 
reservoir 4. The purpose of the suction jet pump 17 is to supply fuel from the tank 1 into the 
reservoir 4 so that the fuel-supply pump 7 does not suck the reservoir 4 dry. The drive line 16 
can contain a throttle element 1 8 that limits the volumetric flow traveling through the drive 
line 16. 

[0023] A suction jet pump is known, for example, from DE 198 56 298 CI, the content of 
which is expressly intended to constitute part of the disclosure of this application. 

[0024] The pressure line 10 is comprised of a first pressure line segment 10.1 between the 
fuel-supply pump 7 and the main filter 15; a second pressure line segment 10.2 whose 
downstream end splits into two parallel pressure line segments that comprise a third pressure 
line segment 10.3 and fourth pressure line segment 10.4; and a fifth pressure line segment 
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10.5 situated downstream of the point at which the two parallel pressure line segments 103, 
and 10.4 rejoin. 

[0025] For example, the third pressure line segment 10.3 contains a check valve 21 and the 
fourth pressure line segment 10.4 contains a pressure control valve 22 according to the 
present invention, which is equipped with a first connecting conduit 23 and a second 
connecting conduit 24. The first connecting conduit 23 is situated in a connection fitting 27. 
Upstream of the second connecting conduit 24, the fourth pressure line segment 10.4 
contains, for example, a protective filter 26 to protect the pressure control valve 22 from dirt 
particles. For example, the protective filter has a mesh aperture of less than 60 micrometers. 

[0026] The pressure line 10, for example in the fifth pressure line segment 10.5 or in the fuel 
rail 12, is provided with a pressure sensor 24 that detects the pressure in the pressure line 10 
or the pressure rail 12. 

[0027] The pressure control valve 12 according to the present invention has a valve housing 
28 with a moving valve member 29 and a fixed valve seat 30, which is embodied on the 
connection fitting 27 and cooperates with the valve member 29. For example, the valve 
member 29 is embodied in the form of a diaphragm. The pressure control valve 22 has two 
adjoining chambers, a first chamber 31 and a second chamber 32 that are separated from each 
other by the valve member 29. The first connecting conduit 23 and the second connecting 
conduit 24 feed into the first chamber 3 1 ; the first connecting conduit 23 is situated in the 
vicinity of the valve seat 30. The second chamber 32 contains a spring element 35, for 
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example a helical spring, which presses the valve member 29 against the valve seat 30 with a 
prestressing force acting in the closing direction. For example, one end of the spring element 
35 rests against the second cup bottom 42 and the other end rests against the valve member 
29. 



[0028] For example, the valve housing 28 of the pressure control valve 22 has a first housing 
part 36 and a second housing part 37. The first housing part 36 and the second housing part 
37 are embodied, for example, in a cup-shaped form. The first housing part 36 has a first cup 
bottom 38 and on the side oriented away from the first cup bottom 38, has a for example 
annular first shoulder 39. The second housing part 37 has the second cup bottom 42 and on 
the side oriented away from the second cup bottom 42, has a for example annular second 
shoulder 43. The first housing part 36 and the second housing part 37 rest against each other 
respectively with the first shoulder 39 and the second shoulder 43, enclosing an inner space 
that contains the first chamber 31 and the second chamber 32. The first housing part 36 and 
the second housing part 37 are attached to each other for example by means of welding, 
clipping, crimping, gluing, or clamping. 

[0029] For example, the pressure control valve 22 is a diaphragm valve whose diaphragm 45 
constitutes part of the valve member 29. For example, the diaphragm 45 is clamped between 
the first shoulder 39 and the second shoulder 43 and seals the first chamber 31 in relation to 
the second chamber 32 around the outside. In the middle region, the diaphragm 45 supports a 
sealing element 46 that cooperates with the valve seat 30 and constitutes another part of valve 
member 29. 
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[0030] The valve seat 30 is situated on the first cup bottom 38 of the first housing part 36, for 
example centrally in relation to a valve axis 44. The first connecting conduit 23 is provided 
in the vicinity of the valve seat 30, for example concentric valve axis 44, and the second 
connecting conduit 24 is provided, for example, at the circumference of the first housing part 
36. 

[0031] For example, the spring element 35 and the valve member 29 are situated concentric 
to the valve axis 44. 

[0032] When the pressure control valve 22 is closed, the valve member 29 rests with the 
sealing element 46 snugly against the valve seat 30, thus closing the first connecting conduit 
23. When the pressure control valve 22 is open, the sealing element 46 has lifted away from 
the valve seat 30, thus opening the first connecting conduit 23 so that fuel can flow via the 
second connecting conduit 24 and first chamber 31, into the first connecting conduit 23. 

[0033] According to the present invention, the sealing element 46 of the valve member 29 
has a through conduit 48 concentric to the first connecting conduit 23; when the pressure 
control valve 22 is closed, this through conduit 48 connects the first connecting conduit 23 to 
the second chamber 32; when the pressure control valve 22 is open, this through conduit 48 
connects the first connecting conduit 23 to the first chamber 3 1 . 

[0034] During operation of the fuel-supply pump 7, the fuel is supplied to the fuel rail 12 of 
the internal combustion engine 13 via the filter 8, the intake line 9, the fuel-supply pump 7, 
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the first pressure line segment 10.1, the main filter 15, the second pressure line segment 10.2, 
the third pressure line segment 10.3 equipped with the check valve 21, and the fifth pressure 
line segment 10.5. When the fuel-supply pump 7 is switched off, the check valve 21 prevents 
fuel from flowing out of the pressure line 10 downstream of the check valve 21 via the 
pressure line 10 back toward the upstream side of the check valve 21 and into the reservoir 4. 
As a result, the pressure that the fuel-supply pump 7 has built up in the pressure line 10 
downstream of the check valve 21 and in the fuel rail 12 is maintained at least for a certain 
amount of time even when the fuel-supply pump 7 is switched off. 

[0035] The second chamber 32 of the pressure control valve 22 is filled with fuel via the 
through conduit 48 and is embodied as sealed in relation to the environment. 

[0036] During operation of the fuel-supply pump 7, the pressure control valve 22 is closed 
since at least approximately the pressure generated by the fuel-supply pump 7 prevails both in 
the first chamber 31, via the second connecting conduit 24, and in the second chamber 32, via 
the first connecting conduit 23 and the through conduit 48, so that the compressive forces 
exerted on the side of the valve member 29 oriented toward the second chamber 32 are at 
least approximately canceled out by the compressive forces exerted on the side of the valve 
member 29 oriented toward the first chamber 31. As a result, the opening pressure at which 
the pressure control valve 22 opens is independent of the pressure generated by the fuel- 
supply pump 7. In addition, the spring element 35 prestresses the valve member 29 in the 
closing direction so that the pressure control valve 22 remains reliably closed during 
operation of the fuel-supply pump 7. 
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[0037] The purpose of the through conduit 48 is to connect the second chamber 32 of the 
pressure control valve 22 to the pressure line 1 0 so that the pressure of the fuel supply pump 7 
travels into the second chamber 32 via the pressure line 10.1, 10.2, 10.4, the first connecting 
conduit 23, and the through conduit 48. 

[0038] When the fuel-supply pump 7 is switched off, the pressure in the pressure line 10 
between the fuel-supply pump 7 and the check valve 21 and between the fuel-supply pump 7 
and the pressure control valve 22 drops almost abruptly to atmospheric pressure. Thanks to 
the hydraulic connection to the fuel-supply pump 7 via the through conduit 48 and the first 
connecting conduit, the pressure in the second chamber 32 of the pressure control valve 22 is 
also only at atmospheric pressure, whereas the pressure in the first chamber 3 1 is maintained 
due to the hydraulic connection to the fuel rail 12. Because of the pressure difference 
between the first chamber 31 and the second chamber 32, a resulting compressive force acts 
on the valve member 29 counter to the spring force of the spring element 35. If the resulting 
compressive force is greater than the spring force of the spring element 35, for example due 
to a pressure increase in the fuel rail 12, then the pressure control valve 22 opens. 

[0039] The spring element 35 is designed so that the valve member 29 lifts away from the 
valve seat 30 and thus opens the pressure control valve when the pressure in the fuel rail 12 or 
the pressure line 10 downstream of the check valve 21 reaches or exceeds a predetermined 
opening pressure. 
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[0040] A pressure increase in the fuel rail 12 and in the pressure line 10 downstream of the 
check valve 21 occurs, for example, during overrunning of the engine or in a so-called hot 
parking phase in which after being switched off, the engine imparts a large amount of heat to 
an engine compartment surrounding the engine, as a result of which the fuel rail 12 is heated 
as well. The temperature increase in the fuel rail 12 causes a heating of the fuel and therefore 
a pressure increase in the fuel rail 12 and in the pressure line downstream of the check valve 
21. 

[0041] The open pressure control valve 22 allows fuel to flow back into the reservoir 4 via 
the fourth pressure line segment 10.4, the second connecting conduit 24, the first chamber 31, 
the first connecting conduit 23, the second pressure line segment 10.2, the main filter 15, the 
first pressure line segment 10.1, the fuel-supply pump 7, the intake line 9, and the filter 8. 
However, instead of flowing back into the reservoir 4 via the fuel-supply pump 7, the intake 
line 9, and the filter 8, the fuel can also flow back into the reservoir 4 via the drive line 16, the 
throttle 18, and the suction jet pump 17. 

[0042] The pressure control valve 22 thus protects the pressure line 10 and the fuel rail from 
an impermissibly excessive pressure that could also damage the injection valves 14 and seals. 

[0043] Particularly at low volumetric flows, the pressure control valve 22 according to 
present invention has a higher degree of control precision and a more precise opening 
behavior than pressure control valves according to the prior art since the pressure acting on 
the valve member 29 via the first connecting conduit 23 acts not only on the small area of the 
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valve member 29 that is oriented toward and contiguous with the first connecting conduit 23, 
but also on the entire area of the valve member 29 oriented away from the valve seat 30. As a 
result, particularly at low volumetric flows, the pressure control valve 22 has a more steeply 
sloped valve characteristic curve than the ones according to the prior art; the valve 
characteristic curve represents the pressure differential acting on the pressure control valve 
22, plotted over the volumetric flow through the pressure control valve 22. A pressure 
increase in the second connecting conduit 24 therefore yields a smaller increase in the 
volumetric flow than in the prior art. 
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